Reactivity-Based Organic Theranostic Bioprobes.
Reactivity-based organic bioprobes have been increasingly designed and developed in the last couple of years to address important questions in numerous fields, particularly in biology and medicine. Contrary to the conventional lock-and-key bioprobes, which rely on molecular recognition to probe biological systems and impart sensing specificity, reactivity-based bioprobes capitalize on molecular reactivity for selective target detection. In fact, reactivity-based sensing exploits the intrinsic differences in chemical reactivity to differentiate various chemical species possessing similar size and shape in biological systems. This unique sensing mechanism has been effective for the detection of a wide range of chemical analytes in living cells, tissues, and animals, although bioprobes with additional functionalities are increasingly required in the quest to unravel and understand the complex biological systems. This is why the integration of diagnostic and therapeutic functions in one theranostic platform has become a continuous pursuit in the development of bioprobes in recent years. To this end, numerous design and synthetic approaches have been explored, notably that combining different organic materials with distinct functionalities into one integrated system, also known as "all-in-one" strategy. Nevertheless, the "all-in-one" strategy is prone to design complexity and unsatisfactory reproducibility. To minimize these undesirable hurdles, the deliberate design and engineering of simple organic molecules with multiple functionalities have been actively pursued, leading to the emergence of a unique approach known as "one-for-all" strategy. A prominent example of this approach leverages on fluorogens with aggregation-induced emission (AIE) characteristic. Through smart molecular engineering, we and other groups have recently shown that conventional organic AIE fluorogens can be specifically tailored to offer both imaging and therapeutic functionalities, such as photosensitizing ability to facilitate photodynamic therapy. The creation of this new class of versatile organic theranostic bioprobes with simultaneous imaging and therapeutic capabilities has further enabled image-guided chemotherapy and image-guided photodynamic therapy. Essentially, from this endeavor, replacing the fluorophores of conventional reactivity-based bioprobes with multifunctional molecules will yield reactivity-based organic theranostic bioprobes with enhanced capabilities and improved performance. In this Account, we summarize the latest advancement of reactivity-based theranostic bioprobes. To start with, we discuss the fundamental differences between conventional lock-and-key and reactivity-based sensing mechanisms, followed by general design routes of reactivity-based organic theranostic bioprobes. We then describe our efforts in recent years in formulating reactivity-based organic biosensing/imaging probes and multifunctional theranostic probes as well as in utilizing these bioprobes in detecting various chemical species in living systems, such as free radicals and toxins, and in diagnosing and treating cancer and bacterial infections. Finally, we highlight current challenges and opportunities in the conclusions and outlook section. With this Account, we seek to further stimulate research activities and closer collaborations among the research fields of chemistry, materials, and biology to push the boundary of this emerging field and promote reactivity-based theranostics for practical applications and clinical translations.